We investigated the dietary influence of low and high levels of fish oil, supplemented with or without dietary cholesterol, on the plasma lipoprotein profile in Bio F 1 B hamsters, a model susceptible to diet-induced hyperlipidaemia. The MIX diet, a diet supplemented with a mixture of lard and safflower-seed oil, was used as the control diet to maintain the saturated MUFA and PUFA levels similar to the fish-oil diet. The animals were fed the specific diets for 2 weeks and fasted for 14 h before killing. The plasma from the animals fed high levels of fish oil was milky and rich in chylomicron-like particles. The plasma total cholesterol, VLDL-and LDL-cholesterol and -triacylglycerol concentrations were significantly higher, whereas HDL-cholesterol was lower in hamsters fed fish oil compared with the MIX-diet-fed hamsters. Increasing the amount of fat in the diet increased plasma lipids in both the fish-oil-and the MIX-diet-fed hamsters; however, this hyperlipidaemic effect of dietary fat level was greater in the hamsters fed the fish-oil diet. The hepatic lipid concentrations were not dramatically different between the fish-oil-fed and the MIX-diet-fed hamsters. However, the hepatic LDL-receptor mRNA levels were significantly low in the fish-oil-fed hamsters compared with the MIX-diet-fed hamsters. Increasing the amount of fish oil in the diet further decreased the hepatic LDL-receptor mRNA expression. It is concluded that F 1 B hamsters are susceptible to fish-oil-induced hyperlipidaemia, especially at high fat levels, and this increase is partially explained by the inhibition of hepatic LDL-receptor mRNA expression.
Epidemiological studies as well as human trials have suggested that fish oil is beneficial in lowering the risk of CHD (Bang et al. 1971; Harris, 1997) . This is mainly attributed to the biological effects of n-3 PUFA, such as eicosapentaenoic and docosahexaenoic acid, found in fish oil (Kagawa et al. 1982; Dyerberg, 1986) . The anti-atherogenic effect of these fatty acids is suggested to be due to modifications of lipid and lipoprotein metabolism (Drevon, 1992) . The n-3 PUFA decrease plasma triacylglycerol and VLDL levels (Nestel et al. 1984; Wong & Nestel, 1987) . This effect is due to decreased hepatic triacylglycerol synthesis (Nossen et al. 1986 ), triacylglycerol secretion (Nestel et al. 1984) and assembly of VLDL (Wilkinson et al. 1998) .
The effect of n-3 PUFA on triacylglycerol and VLDL concentrations is well known; however, the regulation of LDL-and HDL-cholesterol concentrations by fish oil is not clear. This may be attributed to several factors, i.e. variations in individuals in human trials, lack of control of confounding factors, pre-existing dyslipidaemias etc. Normolipidaemic subjects show a reduction of plasma LDL-cholesterol and triacylglycerol concentrations following the intake of a fish-oil diet (Nestel, 1986) . However, with hypertriacylglycerolaemic subjects, fish-oil supplementation causes an increase in LDL-cholesterol concentrations (Sullivan et al. 1986; Hsu et al. 2000) .
Although fish-oil consumption is linked to protection against CHD by lowering plasma lipid levels, and this information is confirmed in both human and some animal models, studies in hamsters show opposite results (Surette et al. 1992; Lin et al. 1995; Kubow et al. 1996; Lu et al. 1996) . These investigators reported a hyperlipidaemic effect of fish oil in Golden Syrian hamsters, which was more obvious in hamsters fed a fish-oil diet supplemented with cholesterol. A similar effect was observed with an n-6 PUFA diet supplemented with cholesterol; however the effect of the fish-oil diet given along with cholesterol was significantly higher compared with n-6 PUFA diets (Lu et al. 1996) . The hyperlipidaemic effect of fish oil was dependent on the level of dietary cholesterol (CHOL) and n-3 PUFA content (Surette et al. 1992) .
Hamsters have circulating LDL levels and show responses to dietary fats that are comparable with humans (Spady & Dietschy, 1985 , 1988 Ohtani et al. 1990) . The Golden Syrian hamster is extensively used for the study of diet-induced regulation of lipoprotein metabolism as the lipoprotein profile of hamsters is more similar to humans than mice and rats. Another hamster strain that is highly susceptible to diet-induced hyperlipidaemia is the Bio F 1 B hamster. The F 1 B hamster is a hybrid strain that develops aortic atherosclerotic lesions at much lower CHOL concentrations (Kowala et al. 1991) , and is suggested to develop type 2 diabetes mellitus on high-fat diets. However, there is very little information available on the diet-induced regulation of lipoprotein metabolism in Bio F 1 B hamsters. Whether fish oil, along with low and high levels of cholesterol, induces hyperlipidaemia in F 1 B hamsters, in a similar way to the Golden Syrian hamster, is not known; nor are the mechanisms involved known.
The present study was designed to investigate the changes in circulating plasma cholesterol levels in Bio F 1 B hamsters over a range of fish-oil and cholesterol intake. The effect of fish-oil and cholesterol consumption on the hepatic lipids and LDL-receptor mRNA expression was also determined to investigate the possible mechanisms involved. Our results show that fish oil causes hyperlipidaemia in F 1 B hamsters, and this effect is partially explained due to the inhibition of hepatic LDL-receptor gene expression.
Materials and methods

Animals and diets
The Bio F 1 B hamsters (7 weeks old) were obtained from Bio Breeders Inc. (Water Town, MA, USA) and kept on a chow diet for 1 week before feeding the specific diets. After this equilibration period, the hamsters were divided into eight groups (n 12) and each group was fed with one of the specified diets. The specified diets consisted of a fat-free semi-purified diet (ICN Biomedical Inc., Aurora, OH, USA) that was supplemented with either fish oil (menhaden oil; Sigma Chemical Co., St Louis, MO, USA) or a mixture of lard and safflower-seed oil in a 1·5:1 ratio (MIX diet) from a local supermarket. The composition of the diets is given in Table 1 . The fat content of the diets was either 50 g/kg (low fat) or 200 g/kg (high fat). Due to the presence of cholesterol in the fish oil, the low-fat fish-oil diet contained 0·25 g cholesterol/kg, and the high-fat fish-oil diet contained 1 mg cholesterol/kg. Thus, the same amount of cholesterol was added to the low-fat and the high-fat MIX diets to keep the cholesterol content similar. To get high cholesterol concentrations, the fish-oil and MIX diets were supplemented with additional cholesterol to bring the final concentration of cholesterol to 2·5 g/kg. The highest purity grade finely powdered cholesterol (98% pure; Sigma-Aldrich, St Louis, MO, USA) was dissolved in fat and added to the diets. Lipids were extracted from the diets and the fatty acid composition was analysed using GLC (Keough & Davis, 1979) . The fatty acid composition of the diets is presented in Table 2 . Diets were prepared and stored at 2 208C. The animals were maintained on the specific diets for 2 weeks ad libitum and were given fresh diets daily. Food intake was measured daily during the study period, and body weight was checked at the beginning of the study period, 1 week later and at the conclusion of the study. There was no difference in food intake and body-weight gain between the different diet groups. All animals were housed in individual cages in a single room with an enriched environment. The room was lit from 07.00 to 19.00 hours, with the temperature maintained at 218C and humidity at 35^5 %. The Institutional Animal Care Use Committee approved all experimental procedures, which are in accordance with the principles and guidelines of the Canadian Council on Animal Care.
Plasma lipid and lipoprotein profile
On day 15, after 14 h of fasting, the animals were anaesthetised and blood was collected by cardiac puncture into tubes containing EDTA (1 g/l). Blood was centrifuged at 3000 g for 10 min to separate the plasma. Plasma and erythrocytes (RBC) were collected separately. Plasma lipoprotein fractions, i.e. VLDL, LDL and HDL, were isolated by sequential density ultracentrifugation (Salter et al. 1998 ) using a TL 100 fixed angle rotor. The VLDL, LDL and HDL fractions were separated within the density ranges of , 1·006, 1·006-1·060 and . 1·060 g/ml respectively. The hamsters fed the high-fat fish-oil diet had milky plasma and contained chylomicron-like particles, which were isolated from the plasma by spinning at 15 500 g for 20 min at 128C. The remaining lipoproteins were then separated as described earlier. The individual lipoprotein fractions were stored at 48C. Lipids were extracted from RBC and liver samples as described previously (Yokode et al. 1990 ). The fatty acid composition of the RBC was analysed using GLC (Keough & Davis, 1979) . The fatty acid composition of the RBC was reflective of the dietary fatty acid composition, indicating that the length of the experimental feeding period was sufficient to induce significant changes in the fatty acid composition of the tissues (data not shown). The plasma, liver and individual lipoprotein fractions were analysed for total cholesterol and total triacylglycerol concentrations using cholesterol assay kit no. 402 and triacylglycerol assay kit no. 344 (Sigma Diagnostics Inc., St Louis, MO, USA). Free cholesterol was assayed in the plasma, liver and individual lipoprotein fractions using a free cholesterol assay kit (Wako Chemicals, Richmond, VA, USA). Cholesteryl ester concentration was determined by subtracting the free cholesterol concentration from total cholesterol concentration (Friedewald et al. 1972) .
Hepatic low-density lipoprotein-receptor mRNA expression
Total RNA from hamster livers was isolated using the Fast-RNA Kit (Qbiogene, Carlsbad, CA, USA) and stored at 2 208C. Hepatic LDL-receptor mRNA abundance was determined by reverse transcription and in vitro PCR amplification. Complementary DNA was synthesised from total liver RNA (2 mg) using Superscripte II reverse transcriptase and used as templates for in vitro DNA amplification. LDL-receptor (Bennett et al. 1995) and b-actin mRNA sequences were simultaneously amplified using hamster-specific primers. No amplification products were detectable in the absence of reverse transcriptase. The total number of cycles for each PCR reaction was chosen to remain within the exponential phase of the reaction. All PCR reactions were performed in triplicate, and the products were resolved on 1·2 % agarose gel. The representative bands were quantified using a gel documentation system. The amount of LDL-receptor mRNA was normalised to b-actin mRNA content and expressed as relative units.
Statistical analysis
The effect of diet type (DT), dietary fat level (DL) and CHOL was assayed using three-way ANOVA, and a Tukey's post hoc test was used to test significant differences revealed by the ANOVA. Values are group means and standard deviations (n 12); differences were considered statistically significant if the associated P value was , 0·05 (Steel & Torrie, 1980) .
Results
Plasma lipids
The plasma total cholesterol, free cholesterol, cholesteryl esters and triacylglycerol concentrations of the hamsters fed the various diets are given in Fig. 1 
(A) -(D)
. The standard deviation for some parameters was large, especially for the hamsters fed the high-fat fish-oil diets with added cholesterol. The plasma lipid concentrations dramatically increased in the fish-oil-fed hamsters; thus the samples were diluted several-fold to obtain values in the linear range, which might have caused such variation. The hamsters fed the fish-oil diet had significantly higher levels of plasma total cholesterol, free cholesterol, cholesteryl ester and triacylglycerol compared with the hamsters fed the MIX diet (P¼ 0·0001). Irrespective of the DT, the hamsters fed the high-fat diets had significantly higher levels of total cholesterol, free cholesterol, cholesteryl ester and triacylglycerol concentrations compared with the hamsters fed the low-fat diets (P¼ 0·0001). However, this hyperlipidaemic effect of DL was greater in the hamsters fed the fishoil diet (DT £ DL interaction, P¼ 0·0001).
The addition of cholesterol to the diets showed an increase in plasma total cholesterol, free cholesterol, cholesteryl ester and triacylglycerol concentrations in both the fish-oil-and MIX-diet-fed hamsters ( Fig. 1 (A)-(D) ). However, this increase is prominent in the fish-oil-dietfed hamsters (DT £ CHOL interaction for total cholesterol, P¼ 0·0003; free cholesterol, P, 0·03; cholesteryl ester, P, 0·002; triacylglycerol, P, 0·03). Furthermore, the effect of CHOL on plasma total cholesterol, cholesteryl ester, and triacylglycerol was greater in the hamsters fed the high-fat diet compared with those fed the low-fat diet (DL £ CHOL interaction; P, 0·002, P¼ 0·002, and P, 0·02 respectively).
Lipoprotein lipid profile
The hamsters fed the high-fat fish-oil diets had milky plasma and contained very high levels of chylomicron-like particles, which were rich in triacylglycerols and cholesterol, irrespective of the absence or presence of cholesterol (data not shown). Marked differences in VLDL composition were seen in the hamsters fed the different diets ( Fig. 2  (A) -(D) ). There was a significant increase in VLDL-total cholesterol, -free cholesterol, -cholesteryl ester and -triacylglycerol concentrations in the fish-oil-diet-fed hamsters compared with the MIX-diet-fed hamsters. Increasing the DL from low fat to high fat resulted in a significant increase in VLDL lipid concentrations in both the fish-oil-and the MIX-diet-fed hamsters. This DL-dependent increase was greater in the fish-oil-diet-fed hamsters compared with the MIX-diet-fed hamsters (DT £ DL interaction for total cholesterol, P¼ 0·0001; free cholesterol, P¼ 0·0001; cholesteryl ester, P¼ 0·0001; triacylglycerol, P, 0·02). Dietary supplementation of cholesterol resulted in an increase in VLDL-total cholesterol, -cholesteryl ester and -triacylglycerol concentrations in both the fish-oil-and MIX-diet-fed hamsters. The CHOL-induced increase in VLDL-cholesteryl ester concentration was prominent in the fish-oildiet-fed hamsters compared with the MIX-diet-fed hamsters (DT £ CHOL interaction, P, 0·006). The LDL from the fish-oil-diet-fed hamsters showed higher concentrations of total cholesterol, cholesteryl ester and triacylglycerol compared with the MIX-diet-fed hamsters (P¼ 0·0001) (Fig. 3 (A)-(D) ). Increasing the DL of fish oil caused a significant increase in LDL-free cholesterol and -triacylglycerol (DT £ DL interaction, P, 0·0001), whereas a significant decrease was observed for LDL-total cholesterol and -cholesteryl ester concentrations (DT £ DL interaction, P, 0·002 and P, 0·03 respectively). There was no effect of DL on LDL-total cholesterol, -cholesteryl ester or -triacylglycerol concentrations in the MIX-diet-fed hamsters.
Cholesterol supplementation of the fish-oil diet resulted in an increase in LDL-cholesterol and -cholesteryl ester concentrations (DT £ CHOL interaction, P¼ 0·0007 and P¼ 0·0001 respectively) ( Fig. 3 (A) and (C)). The CHOL-induced increase in LDL-triacylglycerol concentration was observed only in the hamsters fed the low-fat fish-oil diet (DL £ CHOL interaction, P, 0·02). Furthermore, the effect of CHOL was greater in the hamsters fed the low-fat fish-oil diet for total cholesterol (DT £ DL £ CHOL interaction, P, 0·004) and cholesteryl ester concentrations (DL £ CHOL interaction, P¼ 0·0004).
Changes in HDL lipid composition were mainly attributed to the changes in cholesterol concentrations (Fig. 4  (A)-(D) ). The fish-oil-diet-fed hamsters had significantly lower concentrations of HDL-total cholesterol, -free cholesterol and -cholesteryl ester compared with the MIX-diet-fed hamsters (P¼ 0·0001). However, there was no significant effect of fish oil on HDL-triacylglycerol concentrations. Increasing the DL resulted in a decrease in HDL-total cholesterol and -cholesteryl ester concentrations in the fish-oil-diet-fed hamsters (DT £ DL interaction, P¼ 0·0001), and an increase in these parameters in the MIX-diet-fed hamsters (Fig. 4 (A) and (C) ). The cholesterol supplementation of diets resulted in an increase in HDL-total cholesterol and -cholesteryl ester concentrations irrespective of the DT (P, 0·001).
Hepatic lipid profile
Changes in hepatic lipid composition are shown in Table 3 . The hamsters fed the low-fat fish-oil diet showed lower hepatic total cholesterol, cholesteryl ester and triacylglycerol levels compared with the hamsters fed the low-fat MIX diet (P, 0·02). In contrast, the hamsters fed the high-fat fish-oil diet showed significantly higher levels of total cholesterol, cholesteryl esters and triacylglycerols compared with those fed the high-fat MIX diet (DT £ DL interaction, P, 0·0001). Increasing the DL in the fish-oil-diet-fed hamsters resulted in an increase in hepatic total cholesterol, cholesteryl ester and triacylglycerol concentrations (DT £ DL interaction, P, 0·0001), whereas no significant effect was observed in the MIXdiet-fed hamsters.
The addition of cholesterol to the diets increased the hepatic total cholesterol and cholesteryl ester concentrations (P¼ 0·0004), and this effect was more prominent in the fishoil-diet-fed hamsters (DT £ DL interaction, P, 0·05). The effect of CHOL on hepatic cholesteryl ester levels was greater in the hamsters fed a low-fat diet (DL £ CHOL interaction, P, 0·03) compared with those fed a high-fat diet. Only the fish-oil-diet-fed hamsters showed a CHOLinduced elevation of hepatic triacylglycerol concentrations (DT £ CHOL interaction, P, 0·03). 
Hepatic low-density lipoprotein-receptor mRNA expression
The LDL-receptor mRNA expression from the fish-oil-and MIX-diet-fed hamsters is given in Fig. 5 . The LDL-receptor mRNA expression was lower in the fish-oil-diet-fed hamsters compared with the MIX-diet-fed hamsters (P, 0·004). Increasing the DL of fish oil further reduced the LDL-receptor mRNA expression (P¼ 0·001). The addition of cholesterol to the fish-oil diet had no significant effect on LDL-receptor mRNA expression, whereas the addition of cholesterol to the MIX diet reduced the LDLreceptor mRNA expression (DT £ CHOL interaction, P, 0·0001).
Discussion
The regulation of plasma cholesterol levels by dietary fish oil is still controversial and hotly debated. Subpopulations with type 2 diabetes mellitus, and hyperlipidaemia, respond to high levels of fish oil with hypercholesterolaemia, instead of the expected hypocholesterolaemic effect. The Bio F 1 B hamster, a hybrid strain, is highly susceptible to diet-induced hyperlipidaemia (Kowala et al. 1991) , and is suggested to be a better animal model to study the dietary regulation of lipoprotein metabolism due to the similarity of the response in humans. We used this animal model to study the regulation of lipoprotein metabolism by dietary fish oil, to resolve some of the controversial issues. We investigated the effect of fish oil, rich in n-3 PUFA, on plasma lipoproteins, when fed at low and high levels of fat, in the absence or presence of CHOL, in Bio F 1 B hamsters. The ratio of PUFA, MUFA and saturated fatty acids in the control diet was kept consistent with the fish oil; thus the main difference in the diets was the amount of n-6 or n-3 fatty acids. The results presented in the present paper are the first to demonstrate that high levels of fish oil cause hyperlipidaemia in Bio F 1 B hamsters. The high-fat fishoil diet is not physiological; however, the findings are of interest to understand the properties of fish oil and the genetics of diet-induced hyperlipidaemia.
Previous studies have reported that fish oil induces hypercholesterolaemia in the Golden Syrian hamster, when diets were fed with moderate to high levels of cholesterol, whereas low levels of fish oil reduced plasma lipid levels in these studies (Surette et al. 1992; Lin et al. 1995; Kubow et al. 1996; Lu et al. 1996) . These authors reported that the hypercholesterolaemic effect of fish oil was dependent on the cholesterol level of the diet and the DL (Surette et al. 1992) . In the present study, fish oil, even at low levels, did not reduce plasma lipid levels compared with the MIX diet. Increasing the amount of fish oil in the diet caused severe hyperlipidaemia; however the reason for this fish-oil-induced increase in plasma lipid levels is not clear. In human studies, the circulating LDLcholesterol concentration has been negatively correlated with hepatic LDL-receptor-binding activity and mRNA expression (Soutar et al. 1986; Nanjee & Miller, 1989; Wilkinson et al. 1998) . We found that fish-oil feeding caused a significant increase in plasma LDL-cholesterol levels, and decreased the hepatic LDL-receptor mRNA expression, compared with the MIX diet. Increasing the amount of fish oil in the diet caused further inhibition of LDL-receptor mRNA abundance. These observations suggest that there is an inhibition of the removal of LDL from the circulation due to decreased hepatic LDL-receptor mediated uptake. It was interesting to note that adding cholesterol to the fish-oil diet had no inhibitory effect on Fig. 4 . Fish-oil (FO) feeding reduces HDL-cholesterol concentrations in Bio F 1 B hamsters. Hamsters were fed a FO diet or a control diet supplemented with lard and safflower-seed oil (MIX diet), at fat levels of 50 g/kg (low fat) or 200 g/kg (high fat), in the absence (o) or presence (B) of 2·5 g cholesterol/kg. Total cholesterol (A), free cholesterol (B), cholesteryl ester (C), and triacylglycerol (D) concentrations were analysed as described on p. 343. Differences between groups were evaluated using three-way ANOVA (n 12). Mean values are shown, with standard deviations indicated by vertical bars.
LDL-receptor mRNA expression; however cholesterol caused the inhibition of LDL-receptor mRNA levels in the MIX-diet-fed hamsters. It is well established that CHOL inhibits LDL-receptor gene expression (Sudhof et al. 1987; Srivastava et al. 1995) . It is possible that the lack of inhibition of LDL-receptors by cholesterol in the fish-oil-fed hamsters is a compensatory mechanism to remove excess cholesterol from the circulation.
The plasma from the hamsters fed the high-fat fish-oil diets was packed with chylomicron-like particles and very high levels of VLDL-cholesterol and -triacylglycerols. This observation clearly delineates that increases in VLDL and chylomicrons by dietary fish oil is dependent on the DL. Increased apolipoprotein B concentrations were observed by Kubow et al. (1996) in hamsters fed highcholesterol menhaden oil. Thus, there is a possibility that higher VLDL-cholesterol and -triacylglycerol concentrations in fish-oil-fed hamsters are a result of increased hepatic secretion of VLDL. The hepatic triacylglycerol concentrations were significantly elevated in the hamsters fed the high-fat fish oil compared with those fed the low-fat fish oil and the MIX diet. This increase in triacylglycerols might result in an increased assembly and secretion of VLDL from the liver in the hamsters fed the high-fat fish oil (Elam et al. 2001; Vasandani et al. 2002) . The hepatic total cholesterol concentration was lower in the fish-oil-fed hamsters compared with the MIX-diet-fed hamsters, indicating that an increased absorption/and or delivery of cholesterol is not the probable cause for the increased plasma lipid levels in the fish-oil-fed hamsters.
Increased concentrations of chylomicrons in the hamsters fed the high-fat fish oil also raise the possibility of suppressed lipoprotein lipase activity. Huff et al. (1993) have previously reported a fish-oil-induced reduction of post-heparin plasma lipoprotein lipase and hepatic triacylglycerol lipase activity. A recent study by McAteer et al. (2003) has shown that CHOL almost completely inhibits post-heparin lipoprotein lipase activity in Bio F 1 B hamsters, compared with DNSI hamsters. These authors also reported chylomicron-like particles in cholesterol-fed F 1 B hamsters and these hamsters showed significantly higher atherosclerotic lesion formation. Although we did not measure lipoprotein lipase activity in the present study, it is probable that the inhibition of lipoprotein lipase activity plays an important role in causing hyperlipidaemia in hamsters fed high-fat fish oil. Another possibility for the increased VLDL concentrations in fish-oil-fed hamsters could be due to competition between VLDL and chylomicrons for lipoprotein lipase (Harris, 1989) . Future studies will concentrate on some of these possibilities to explore the mechanisms involved.
The hamsters fed the fish-oil diet had lower HDL-cholesterol compared with the hamsters fed the MIX diet. This parallels other human, and animal-feeding trials where fish-oil consumption caused reductions in HDL-cholesterol concentrations (Childs et al. 1990; Jones et al. 1990; Fincham et al. 1991) . The HDL-cholesterol concentrations are mainly regulated by the reverse cholesterol transport pathway and cellular cholesterol and phospholipid efflux (Dietschy, 1997; Bruce et al. 1998) . HDL acquires triacylglycerol from VLDL and LDL in exchange for cholesteryl esters via the reverse cholesterol transport pathway and acquires cholesterol and phospholipids from peripheral cells. A reduction of HDL-cholesterol concentrations, while no change in triacylglycerol concentrations, implicates that the fish-oil-induced effect might be attributed to a decreased efflux of cholesterol and phospholipids from peripheral cells rather than an increased reverse cholesterol transport. Previous reports have linked hyperlipidaemia with increased serum concentration of lipid peroxidation products (Vladimirov et al. 1980; Yagi, 1987) . Fish oil is rich in n-3 PUFA that are efficiently incorporated into membrane phospholipids, displacing n-6 PUFA. The n-3-rich membranes are more prone to oxidative stress (Leibowitz et al. 1990) . It was recently found that vitamin E supplementation of a fish-oil diet prevents lipid peroxidation and thus reduces fish-oil-induced hyperlipidaemia in hamsters (Kubow et al. 1996) . We did not measure lipid peroxidation and oxidative stress in the present study; however these possibilities cannot be excluded.
In summary, the changes in plasma lipoproteins with n-3 PUFA feeding in F 1 B hamsters are not consistent with the hypolipidaemic properties of fish oil observed in human trials and in other animal models. Fish oil at high fat levels and increasing cholesterol concentrations was previously reported hypercholesterolaemic in the Golden Syrian hamster; however, this is the first report on the effect of fish-oil feeding on the plasma lipoprotein profile and hepatic LDL-receptor mRNA expression in F 1 B hamsters. The compensatory mechanism to prevent the down regulation of the LDL-receptor mRNA expression by cholesterol in fish-oil-fed hamsters is interesting and might shed some new light in maintaining whole-body cholesterol homeostasis. Whether the F 1 B hamster proves to be a good model to study diet-induced hyperlipidaemia, and to investigate the molecular mechanisms involved, is not clear. The F 1 B hamster is suggested to develop type 2 diabetes mellitus on high-fat diets; whether high levels of fish oil induce type 2 diabetes in this particular animal model is yet another question that needs to be addressed. We are currently investigating whether high levels of fish oil cause alterations in plasma glucose and insulin levels in F 1 B hamsters, and whether these changes correlate with the plasma lipoprotein profile. The findings will help in understanding whether fish-oil therapy is appropriate to lower plasma lipid levels under certain pathophysiological conditions.
